be an important component for repulsive signaling in binding relationships are likely to be conserved across phylogeny. Cells were cotransfected to express both response to Semaphorin ligands.
proteins, and the formation of complexes was analyzed by immunopurification and Western blotting.
Results
As shown in Figure protein that can constitutively associate with both DroTo identify the putative Plexin-associated protein, we sophila and mammalian Plexins in transfected cells, considered candidates in Drosophila. Several proteins raising the possibility that OTK might play a role in either with homology to receptor-tyrosine kinases have been up-or downregulating Plexin activity or mediating Semaidentified that are expressed in the CNS and could pophorin-Plexin signaling. To determine whether this assotentially interact with Plexins. However, in the cases ciation reflects a true functional interaction, we turned where the loss-of-function phenotypes have been asto genetic analysis of OTK in Drosophila. sayed, there is not a notable similarity with those described for Semaphorins or Plexins, suggesting an unrelated function (e.g., EGFR, FGFR, Derailed). In other Generation and Characterization of otk cases, in vivo functional data are yet lacking, but some Loss-of-Function and Antisense Alleles of these candidates may be considered less probable A direct in vivo test of OTK function was aided by the on the basis of molecular weight (e.g., Dror, Nrk). A discovery of a P element insertional mutation near the leading remaining contender is the Drosophila protein otk gene, designated EP2017. This mutant strain was Off-track (OTK; previously called Dtrk; see Introduction).
obtained from the collection of the Berkeley Drosophila OTK is a glycoprotein of apparent molecular weight Genome Project and was examined for axon guidance 160 kDa whose extracellular domain, with its six immudefects in homozygous embryos. Indeed, some defects noglobulin (Ig) repeats, shows similarity to cell adhesion were found, but they were subtle in nature and poorly proteins. In vitro studies have shown that OTK can medipenetrant. However, the element is located upstream of ate homophilic adhesion, which results in tyrosine phosthe coding sequence (see below and Figure 3 ) and may phorylation of the intracellular domain (Pulido et al., not completely disrupt gene function. We sought to gen-1992). In early Drosophila embryos, OTK transcript is erate complete loss-of-function otk alleles through imbroadly distributed, consistent with both maternal loadprecise excision of the P element (Voelker et al., 1984). ing and zygotic expression. In later stages, the protein The sequence of the otk genomic locus and cDNA is detected on neuronal cell bodies and axons within were assembled from public database entries along with the CNS and in the projections of motor neurons as they the location of the EP2017 insert. The element is inserted extend to muscle fibers in the periphery. Because of 30 bp upstream of the 5Ј end of the published otk cDNA. this axonal localization and in vitro adhesion, OTK has Since the OTK transcript is ‫009ف‬ bp longer than the been suggested previously to play a role in selective cDNA (Pulido et al., 1992) , it is likely that the insert is in fasciculation and axon guidance (Pulido et al., 1992) . the 5Ј UTR. Ten excision lines were genetically characBased on its molecular weight, the observation that it terized; eight were homozygous lethal and two homozycan be tyrosine phosphorylated, and its expression on gous viable (the starting strain is semilethal), suggesting axons at the appropriate time in development to play a that otk is an essential gene. We examined embryos singly and doubly heterozyHowever, because all three proteins are expressed by many of the same neurons, the genetic tests above are gous for otk and PlexA and observed strong phenotypic effects due to the combination. Embryos lacking one also consistent with the possibility that OTK may interact directly with Sema 1a in cis. To verify that OTK can act copy each of both otk and PlexA exhibit the same variety of SNa and ISNb defects as seen in the single homozygenetically downstream of the signal, we made use of the GAL4 system to misexpress Sema 1a in muscles, gous mutants, to nearly the same degree of severity ( Figures 4D, 5G , 5H, and Table 1 ). This provides strong thus offering an excess of repulsive target-derived ligand. Ectopic presentation of Sema 1a on specific musgenetic support for the hypothesis that Otk and Plexin A proteins function positively together through direct cles using UAS-Sema1a and H94-GAL4 turns these muscles into nonpermissive substrates and prevents contact.
Likewise, embryos doubly heterozygous for otk and motoneurons from innervating them correctly ( Figure  7A ). Consistent with previously published results (WinSema1a also show phenotypic enhancement beyond additive effects of the single heterozygotes, supporting berg et al., 1998), we find that the abnormal innervation of muscle 13 increases from 22% (n ϭ 101; with H94-the idea of a ternary complex of Sema 1a-Plexin A-OTK proteins (Figures 5I and 5J) . However, the severity of GAL4 driver alone) to 49% (n ϭ 99; with addition of UASSema1a) in this Sema1a gain-of-function experiment. phenotypes in the otk, Sema1a combination is somewhat less than in the others (Table 1) . The discrepancy This phenotype is suppressed by removing one copy 
